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Three nitrate degrading bacteria, namely S1, S2 and S3 strains, were isolated from 

soil samples collected from agricultural sites at Polonnaruwa, Oruwala and 

Gampaha, Sri Lanka respectively. Among the isolated strains, S1 showed a 

maximum nitrate removal rate of 4.20±0.08 mg/L/day whereas S2 and S3 showed 

nitrate removal rates of 3.45±0.57 mg/L/day and 3.72±0.19 mg/L/day, respectively. 

The nitrate removal abilities of all three strains were measured at different 

temperatures (25oC, 30oC, 32oC), different pH (7.0, 7.5, 8.0) and for different 

nitrate concentrations (15, 30, 45 mg/L) in vitro. The maximum nitrate degrading 

rate by the bacterium S1 (4.52±0.01 mg/L/day), S2 (4.25±0.47 mg/L/day) and S3 

(4.04±0.09 mg/L/day) were detected at 32ºC whereas the highest degradation rate 

for S1 (4.6±0.05 mg/L/day), S2 (4.38±0.03 mg/L/day) and S3 (4.14±0.25 

mg/L/day) bacteria strains was reported when the pH was 8.0. The maximum 

nitrate degradation was found to be 5.88±0.17, 5.67±0.45 and 5.71±0.43 mg/L/day 

for S1, S2 and S3 bacteria strains when 45 mg/L of nitrate was present in the 

medium. A biochemical test tentatively identified the isolates S1, S2 and S3 as 

Pseudomonas sp., Bacillus sp. and Proteus sp. The bio sand filter developed in co-

operating all three bacterial strains showed 6.12±0.06 mg/L/day of nitrate 

degradation rate within 24 hours. 
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1. INTRODUCTION 

Groundwater and surface water are widely 

used as drinking water sources in most countries of 

the world (Mahagamage et al., 2015; Idroos et al., 

2017). However, many studies have recorded a 

remarkable increase of nitrates in groundwater 

aquifers and surface water bodies (Wang et al., 2009; 

Aopreeya et al., 2013). Nitrate, being a highly 

mobile and readily water-soluble ionic chemical 

species, is naturally available in water resources. 

Nitrate pollution is caused by the intensive use of 

nitrogen fertilizers in agriculture, industrial effluents, 

domestic wastewater and sewage (Mohammadi et 

al., 2011).Hence, nitrate contamination is a global 

problem and stands as second most dangerous 

pollutant after pesticides (Wakida and Lerner, 2006). 

Presence of high nitrate concentration in water leads 

to serious ecological and social issues such as 

eutrophication (Hettiarachchi et al., 2014), deterio-

ration of water quality and potential hazard to human 

health (Cambra et al., 2010).  High concentrations of 

nitrate in drinking water is a threat, especially to 

infants, inducing the formation of methemo-

globinemia in blood, also called “blue baby 

syndrome” (Gao et al., 2004). The carcinogenic 

effect of nitrate is also reported due to consumption 

of nitrate-contaminated water (Wakida and Lerner, 

2006). The presence of over 100 µg/mL of nitrate in 

drinking water has resulted in stomach cancers, 

especially in infants (Gao et al., 2004). Hence, the 

Environment Protection Agency (EPA) has 

demarcated the maximum permissible level of nitrate 

in drinking water to be 45 µg/mL for nitrate and a 

similar guideline of 50 µg/mL as nitrate has been set 

by the WHO and the European Community (EC) 

(Gao et al., 2004) and Sri Lanka Standard Institute 

(SLSI)  as well (SLSI, 2013). Sri Lanka, being an 

agricultural country, uses large amounts of fertilizer, 

which contains nitrogen sources, which are 

transformed to nitrate and other nitrogen species 

under environmental conditions (Mahagamage et al., 

2015). These species flow down-stream in 

rivers/streams, and a fraction is mixed with 

groundwater. Excess levels of nitrogen and 

phosphorus in water resources cause algae to grow 

faster than ecosystems can safely handle (Idroos et 

al., 2014). Significant increases in algae deteriorates 

the quality of water, decreasing oxygen levels 
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required by fish and other aquatic life for their 

survival, which leads to health problems in fish and 

eventual death of fish (Idroos et al., 2014). An 

alarming fact is that some algal blooms are harmful 

to humans because they produce toxins and bacterial 

growth that could severely affect humans if they 

come into contact with polluted water, consume 

tainted fish or shellfish, or drink contaminated water. 

Physical and chemical methods such as ion 

exchange, reverse osmosis, nanofiltration and 

electrodialysis, have shown poor selectivity for 

nitrate removal in water (Choi et al., 2009; Bonse et 

al., 1994; Wenske, 1997). In addition, the utility of 

these processes have been limited due to their 

expensive operational and subsequent disposal 

problem of the generated nitrate waste (Rezaei et al., 

2009). Several conventional technologies adopted 

for nitrate removal are ion exchange resins, 

electrodialysis, reverse osmosis and distillation 

which substantially increase the cost of operation 

and are inaccessible for most part of the world due to 

high operation cost (Shrimali and Singh, 2001). 

Therefore, the cost-effective alternative lies in the 

biological denitrification process (Eckford and 

Fedorak, 2002).  

The study of biological nitrate removal from 

drinking water supply first began operation in 1981, 

at the Chateau-Landon in France (Mohseni et al., 

2013) and the study was based on the natural 

nitrogen cycle. Nitrogen cycling involves four key 

microbiological processes: nitrogen fixation, 

mineralization (decay), nitrification and 

denitrification. Microorganisms play very important 

roles in the nitrogen cycles and denitrifying fungi, 

anammox bacteria, nitrifying archaea aerobic 

denitrifying bacteria and heterotrophic nitrifying 

microorganisms are key players in the nitrogen cycle 

(Cabello et al., 2004). For this reason, denitrification 

is considered to be a process that removes 

bioavailable nitrogen forms from the Earths’ surface. 

Moreover, excess nitrate or nitrite in soil or water 

ecosystems leads to environmental and health 

problems (Wick et al., 2012). This excess nitrate in 

water or soil can be converted to its acid forms, 

which consequently reduce soil and water quality 

(Gomez et al., 2002). In addition to ecological 

problems, excess nitrate stimulates denitrification, 

resulting in the loss of bioavailable nitrogen used by 

plants in the form of the gaseous nitrogen 

compounds such as N2O and N2 (Ergas and Reuss, 

2001). Despite these detrimental effects, 

denitrification is beneficial in sewage treatment 

because it converts nitrate to its gaseous forms, thus 

reducing the amount of available nitrogen in the 

sewage (Gomez et al., 2002). 

Denitrifying bacteria have been isolated from 

diverse environments (agricultural soils, deep sea 

sediments, wastewater treatment plants) and belong to 

diverse bacterial genera (Zumft, 1997). Pseudomonas 

species are generally presumed to be the predominant 

microorganisms through which denitrification is 

achieved (Janda et al., 1998). However, other studies 

have shown that various species, of bacteria; 

Achromobacter, Agrobacterium, Alcaligenes, 

Bacillus, Chromobacterium, Flavobacterium and 

Hyphomicrobium, are responsible for denitrification 

(Lim et al., 2005).  Thus, under anoxic conditions, 

heterotraphic soil bacteria are capable of reducing 

nitrogenous oxides by oxidizing carbonaceous 

substrates (Gomez et al., 2002). Autotrophic 

denitrification based on an inorganic carbon source 

involves sulfur or hydrogen gas as the electron donor 

(Wang et al., 2009). Influence of microbial 

composition and denitrifying microbiota in natural 

biofilms are also recorded as significant factors that 

affect this technology in treating nitrate-contaminated 

water (Mousavi et al., 2011). Therefore, many full 

scale heterotrophic and autotrophic biological nitrate 

removal processes are currently under operation 

(Mohseni et al., 2013).  Hence, the present study was 

carried out to isolate nitrate degrading bacteria from 

agricultural sites and to develop a laboratory scale 

sand filter using efficient nitrate degrading bacteria to 

treat nitrate-contaminated water. 

 

2. METHODOLOGY 

2.1 Chemicals 

Chemicals used for microbiological and 

nitrate analysis, were purchased from Hardy 

diagnostics while Molecular grade chemicals were 

purchased from Promega, USA and Thermo Fisher 

Scientific, USA.  

 

2.2 Sampling 

Soil samples were collected from Paddy fields 

and sewage contaminated farm sites of Polonnaruwa, 

Oruwala and Gampaha areas to isolate nitrate 

degrading bacteria. A core sampler was used to 

obtain soil samples and freshly collected samples 

were aseptically transferred into sterile clean black 
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polyethylene bags. Collected samples were 

transported to laboratory under chilled conditions 

and stored at 4ºC until use for bacterial isolation. 

 

2.3 Data analysis 

An aliquot of 5.0 g of soil from each collected 

sample was transferred into 100 mL Erlenmeyer 

flasks (200 mL) and nitrate solution (Potassium 

nitrate) was added at a final concentration of 15 

mg/L. Flasks were maintained at 28ºC at 100 rpm in 

a shaking incubator for 8 days. Following 8 days of 

incubation, 1 mL of sample aliquots were removed 

followed by tenfold serial dilution and a pour plate 

method was employed to isolate bacteria colonies 

with different morphological features (Manage et al., 

2009). LB agar media (Tryptone 9.3 g, NaCl 4.5 g, 

Yeast extract powder 4.5 g, Bacteriological agar 13.1 

g/L) was used as the culture medium. Following 

three days of incubation, bacterial colonies with 

different colony color, shape, elevation and margin 

were picked up and re-suspended in liquid LB 

medium. The liquid cultures were incubated at 28ºC 

for 3 days at 50 rpm and they were used to prepare 

pure bacterial cultures by repeated streaking on LB 

agar slants. Subsequently, pure bacterial cultures 

were subcultured and stored in LB-glycerol at -80ºC. 

 

2.4 Screening of nitrate degrading bacteria 

through degradation studies 

Five bacterial strains, namely S1, S2, S3, S4, 

and S5, with different morphological characters were 

selected for nitrate degradation studies. Overnight 

grown bacterial cultures were subjected to repeated 

washing with 0.01 M PBS at least three times and 

kept overnight for carbon depletion. Subsequently, 

the turbidity of carbon depleted bacteria culture was 

equalized at A590nm=0.35. This bacteria culture was 

inoculated into filter-sterile aged tap water with 

nitrate at a final concentration of 15 mg/L (Manage 

et al., 2009). Flasks were incubated at 28ºC with 

shaking at 100 rpm for 8 days and 10 mL of 

subsample was removed from each flask under 

sterile conditions at two days intervals and nitrate 

concentration was measured using the APHA 1996 

standard method. The following equation was 

employed to calculate nitrate degradation rate (h): 

 

h (mg/L/day) = − In [
C/Co

t
] 

where C0 (mg/L) and C (mg/L is the nitrate 

concentrations at the beginning and at the end of the 

time interval t (days), respectively. 

The nitrate removal efficiency percentage (E) 

of bacterial strains was calculated using the 

following equation. 

 

E = [(C0-C)/C0] × 100 

 

where C0 (mg/L) and C (mg/L) is the nitrate 

concentrations at the beginning and at the end of the 

time interval respectively. 

 

2.5 Optimization of nitrate degradation by 

selected bacteria 

Five bacterial strains were selected as 

potential candidates for nitrate degradation study by 

the preliminary screening test. Among the five 

bacterial strains, three strains were isolated which 

showed a pronounced degradation of nitrates; S1 

from the Polonnaruwa sampling site, S2 from 

Oruwala, and S3 from the Gampaha sampling site. 

Thus, S1, S2 and, S3 were selected for further 

studies. The nitrate removal abilities of all three 

strains were optimized for different incubating 

temperatures (25ºC, 30ºC, 32ºC), pH (7.0, 7.5, 8.0) 

and for different concentrations of nitrate (15, 30, 45 

mg/L). The optimization studies were carried out 

according to the method described in 2.4. 

 

2.6 Identification and characterization of nitrate 

degrading bacteria 

As an initial identification, the gram staining 

was carried out according to the method described 

by Della Valle et al. (1999). Following the gram 

staining, biochemical tests (Citrate test, starch 

hydrolysis, catalase test, Urease test, Methyl red test, 

Vogus Proskauer test, and Gelatin test) were carried 

out as described in the Cowans and Steels’ manual 

for tentative identification (Cowan and Steel, 2004). 

 

2.7 Development of a nitrate removing sand filter  

The experimental setup of the sand filter 

consisted of a sand filter column and an output column 

each with a diameter of 50 mm and a height of 210 cm 

(Figure 1). Sterilized coral particles were employed as 

the substrate for the attachment of bacteria. 

The overnight grown bacterial culture of all 

three bacterial strains  (S1, S2 and, S3)  were starved  
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in 0.01 M of PBS and each suspension was equalized 

at A590nm=0.35. Ten mL of bacterial inoculum from 

each suspension was introduced to the substrate in 

order to form a biofilm. 
 

 
Figure 1.  Structure of the sand filter 

 

The filter bed of the sand filter column was 

supported by gravel layers. Sand and gravel used for 

the experiment were washed in distilled water and 

autoclaved at 121ºC for 15 minutes at 1.5 atm. Then 

they were dried in an oven at 100ºC for 40 minutes 

prior to introduction to the sand filter column. The 

column was made of PVC tubes and the minimum 

supernatant level was controlled by an outflow weir. 

The flow rate was maintained at 0.4 L/min using 

valves set up to the sand filter column. A minimum 

supernatant level of 30 cm was maintained above the 

sand bed. Filter design, material and operating 

conditions are listed in Table 1. The retention time in  

the biological layer was 30 minutes. The control 

filter setup was also developed according to the 

above conditions excluding bacterial inoculums in 

the coral substrate. Freshly prepared Potassium 

nitrate was spiked at a final concentration of 45 

µg/mL in the water reservoirs of both control and 

experimental setups. Five mL aliquots were 

collected from the outlet tank at 0, 3, 6, 12, 24, 48 

and 72 hours. These sample aliquots were used to 

analyze remaining nitrate concentration. 
 

Table 1. Filter design, material and operating conditions 

of the sand filter column 

 

Components Size (mm) Depth (cm) 

Fine sand <2.0 50.0 

Coarse sand 2.0-4.0 5.0 

Gravel 4.0-8.0 5.0 

2.8 Statically analysis 

Two-way ANOVA was employed to see the 

significant difference of nitrate removal by all three 

bacterial strains at different temperature, pH and 

Nitrate concentrations. 

 

3. RESULTS  

Among bacterial strains (S1, S2, S3, S4, S5) 

which were used to screen nitrate reduction, three 

bacteria strains (S1, S2 and, S3) showed a 

pronounced reduction of nitrates. Figure 2 represents 

the nitrate reduction by S1, S2 and, S3 within 8 days 

of incubation. 
 

 
Figure 2. Nitrate reduction by S1, S2 and, S3 strains 

(closed squares- control, closed circle- S1, closed 

triangle- S2, closed diamond- S3). When error bars are 

not shown, the standard errors are less than the width of 

the symbol. 

 

Among the three strains tested S1 showed the 

highest rate of 4.2±0.08 mg/L/day for nitrate 

removal within eight days of incubation whereas 

nitrate removal rates of strain S2 and S3 were 

3.45±0.57 and 3.72±0.19 mg/L/day, respectively. 

Nitrate reduction by S1, S2 and, S3 were optimized 

for temperature (25ºC, 30ºC, 32ºC) and, pH (7, 7.5, 

8). Nitrate degradation by S1 at 25ºC, 30ºC, and 

32ºC was 4.2±0.14, 4.25±0.06 and 4.52±0.01 

mg/L/day, respectively (Figure 3(a)). S2 strain 

showed an optimum nitrate degradation of 

4.25±0.47 mg/L/day at 32ºC, while the nitrate 

degradation rate at 25ºC and 30ºC was 3.45±0.1 

mg/L/day and 4.04±0.09 mg/L/day, respectively 

(Figure 3(b)). Nitrate degradation by S3 at 25ºC, 

30ºC, and 32ºC was 3.78±0.04, 3.87±0.29 and 

4.04±0.09 mg/L/day, respectively (Figure 3(c)). 

Hence, the maximum nitrate reduction at 32ºC was 
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shown by S1 strain in comparison to S2 and S3 

strains. Table 2 shows the nitrate removal 

percentages of all three bacterial strains at 25ºC, 

30ºC, and 32ºC. 
 

(a) (b) 

  
  

(c) 

 
 

Figure 3. Nitrate reduction by (a) S1, (b) S2 and (c) S3 strains at 25ºC, 30ºC, and 32ºC (closed circle- 25ºC, closed 

triangle- 30ºC, closed diamond- 32 ºC). When error bars are not shown, the standard errors are less than the width of the 

symbol 

 

Table 2. Nitrate removal percentages of all three bacterial strains at 25, 30, 32ºC. 
 

 

The pH optimization studies recorded that 

Nitrate degradation by S1 at pH 7, 7.5 and 8 was 

4.12±0.09, 4.25±0.31 and 4.6±0.05 mg/L/day, 

respectively (Figure 4(a)). S2 strain showed an 

optimum nitrate degradation of 4.38±0.03 mg/L/day 

at pH 8, while the nitrate degradation rate at pH 7 

and pH 7.5 was 4.15±0.105 and 4.24±0.79 

mg/L/day, respectively (Figure 4(b)). Nitrate 

degradation by S3 at pH 7, 7.5 and 8 was 4.04±0.14, 

4.09±0.06 and 4.14±0.25 mg/L/day, respectively 

(Figure 4(c)). Hence, all three bacterial strains 

showed highest nitrate degradation at pH 8. Table 3 

shows the nitrate removal percentages of all three 

bacterial strains at pH 7, 7.5 and 8. 
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Bacterial strain Nitrate removal% at  25ºC Nitrate removal% at 30ºC Nitrate removal% at 32ºC 

S1 88.1±2.12 88.3±2.45 91.2±2.41 

S2 75.2±3.78 86.4 ±1.26 88.5 ±1.32 

S3 81.6±2.03 83.5 ±1.19 86.4±2.09 
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(a) (b) 

  
  

(c) 

 
 

Figure 4. Nitrate reduction by (a) S1, (b) S2 and (c) S3 strains at pH 7 (closed circle) pH 7.5 (closed triangle) and pH 8 

(closed diamond). When error bars are not shown as the standard errors are less than the width of the symbol. 

 

Table 3. Nitrate removal percentages of all three bacterial strains at pH 7, 7.5 and 8. 

 

 

When different nitrate concentrations were 

used to study the bacterial reduction, S1 bacterial 

strain showed a maximum reduction rate of 

10.08±0.17 mg/L/day when 45 mg/L of nitrate was 

used while strain S2 showed a reduced rate of 

5.67±0.45 mg/L/day and the strain S3 was 5.71±0.43 

mg/L/day (Figures 5(a)-(c)). Table 4 records nitrate 

removal percentages of S1, S2 and, S3 bacterial 

strains at different nitrate concentrations. 

 

Table 4. Nitrate removal percentages of all three bacterial strains at 15, 30 and 45 mg/L of nitrate. 
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Bacterial strain Nitrate removal% at pH 7 Nitrate removal% at pH 7.5 Nitrate removal% at pH 8 

S1 88.3±1.08 88.6±2.87 92.3±5.41 

S2 87.2±2.31 88.4 ±3.08 90.6 ±3.32 

S3 86±3.59 86.2 ±2.76 87.4±2.09 

Bacterial strain Nitrate removal% at 15 mg/L Nitrate removal% at 30 mg/L Nitrate removal% at 45 mg/L 

S1 88.1 ±2.87 96±1.78 97±2.98 

S2 74±1.08 93±3.09 97 ± 1.56 

S3 81.4±2.95 95.4 ±6.54 97.2± 5.98 
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(a) (b) 

  
  

(c) 

 
Figure 5. Nitrate reduction by (a) S1, (b) S2 and (c) S3 at different concentrations (closed triangle- 15 mg/L/day, closed 

diamond 30 mg/L/day, closed square 45 mg/L/day). When error bars are not shown, the standard errors are less than the 

width of the symbol. 

 

Isolated bacteria were identified into genus 

level using their morphological characters and 

biochemical tests (Table 5). Accordingly, bacteria 

isolates S1, S2, and S3 were identified as 

Pseudomonas sp., Bacillus sp. and Proteus sp. 

Among them Pseudomonas sp. was found to be the 

most efficient bacteria. 

 

Table 5. Biochemical tests results used for the identification of bacteria 
 

 

A laboratory scale sand filter was developed 

in co-operating S1, S2 and S3 bacterial strains to 

study nitrate removal efficiency. Figure 6 represents 

the nitrate removal by the mixed bacterial culture. 

The experimental set up has been able to remove 

initial nitrate at a rate of 6.12±0.06 mg/L/day within 

24 hours whereas the control filter without bacterial 

inoculation did not show a significant removal of 

nitrate. 

 

0

5

10

15

20

25

30

35

40

45

50

1 2 3 4 5 6 7 8 9

N
it

ra
te

 c
o

n
ce

tr
at

io
n

 (
m

g
/L

)

Incubation  period (Days)

0

5

10

15

20

25

30

35

40

45

50

1 2 3 4 5 6 7 8 9

N
it

ra
te

 c
o

n
ce

tr
at

io
n

 (
m

g
/L

)

Incubation  period (Days)

0

5

10

15

20

25

30

35

40

45

50

1 2 3 4 5 6 7 8 9

N
it

ra
te

 c
o

n
ce

tr
at

io
n

 (
m

g
/L

)

Incubation  period (Days)

Bacterial strain Citrate  Starch  hydrolysis Catalase    Urease  Methyl red  Vogus proskauer  Gelatin  

S1 + - + + + + + 

S2 - - + - - - + 

S3 + + + + + + + 
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Figure 6. Nitrate removal by the experimental and control 

sand filters (closed squares- control, closed circle- 

experiment). When error bars are not shown, the standard 

errors are less than the width of the symbol. 

Table 6 presents the two way ANOVA 

analysis results. According to the results, there is no 

significant difference of nitrate degradation by all 

three bacterial strains at different temperature and 

nitrate concentrations (Temperature P=0.166, Nitrate 

concentration P=0.280). However, the P values 

obtained for pH (P=0.018) showed that there is a 

significant difference in nitrate degradation by all 

three strains. When considering the nitrate 

degradation rates of individual bacteria strains at 

different treatment methods it is evident that 

temperature has no significant effect (P=0.08) 

whereas pH (P=0.021) and nitrate concentrations 

(P=0.012) have a significant effect. 

 

Table 6. Results of two way ANOVA analysis 

 

Category P-value for temperature (ºC) P-value pH P-value nitrate concentration (mg/L) 

Bacteria strain 0.166 0.018 0.280 

Treatment  0.131 0.021 0.012 

 

4. DISCUSSION 

Among several studies carried out regarding 

the isolation of Nitrate-reducing bacteria, 

Pseudomonas stutzeri was first described by Burri 

and Stutzer in 1895. This bacterium has been 

capable of nitrification and denitrification processes 

as well as in the degradation of environmental 

pollutants. Strains of Pseudomonas stutzeri have 

been used successfully in many developed countries 

to treat wastewater (Su et al., 2009). P. stutzeri 

strains have been recorded as strong potential 

bacteria to remove nitrogen in wastewater in piggery 

wastewater (Yang et al., 2017). Su et al. (2009) 

reported that Pseudomonas stutzeri NS-2 strain, 

isolated from piggery wastewater systems, had 

excellent denitrifying capability under aerobic and 

anaerobic conditions. Pseudomonus stutzeri changes 

nitrate to dinitrogen (N2) anaerobically (Carlson and 

Ingraham, 1983). The trend of nitrate removal of the 

Pseudomonus stutzeri was obtained using various 

carbon sources under stationary culture conditions.  

Among the three strains isolated, S1 showed 

the highest rate of nitrate removal (4.2±0.08 

mg/L/day) within eight days of incubation, whereas 

S2 and S3 showed 3.45±0.57 and 3.72±0.19 

mg/L/day, respectively. These bacterial strains S1, 

S2 and S3 were identified as Pseudomonas sp., 

Bacillus sp. and Proteus sp. using biochemical tests. 

Rajkumar et al. (2006) reported 99.4% nitrate 

removal efficiency when a bacterial consortium of 

Pseudomonas sp., Bacillus sp. was used. However, 

in the present study, the nitrate removal efficiency of 

Pseudomonas sp. strain S1 at 15 mg/L nitrate was 

88.1±2.87%. This nitrate removal efficiency is less 

than the value reported by Rezaei et al. (2009) which 

was 99% at 200 mg/L nitrate from an industrial 

effluent. However, when the incubation temperature 

was increased up to 32ºC, Pseudomonas sp. strain S1 

showed a 91.2±2.41% removal at 15 mg/L nitrate. 

When the pH was increased to 8, a maximum 

removal percentage of 92.3±5.41% was observed at 

15 mg/L. When different concentrations of nitrate 

were used, Pseudomonas sp. strain S1 showed a 

maximum removal of 97±2.98% at 45 mg/L of 

nitrate. Thus, high nitrate removal efficiency by 

strain Pseudomonas sp. strain S1 could be obtained 

by elevating the incubating temperature to 32ºC and 

maintaining the pH at 8. Although Pseudomonas sp. 

strain S1 showed a lower nitrate removal in 

comparison to the strain isolated by Rezaei et al. 

(2009), this strain is more efficient in removing 

nitrate than isolate WBUNB009 which was isolated 

by DebRoy et al. (2013) with an efficiency of 88.3%.  
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Bacillus sp. strain S2, which was isolated in 

the present study, showed an efficiency of 74±1.08% 

at 15 mg/L of nitrate. However, when incubation 

temperature was increased to 32ºC, Bacillus sp. 

strain S2 showed 88.5±1.32% removal at 15 mg/L 

nitrate. When the pH was increased to 8, a maximum 

removal percentage of 90.6±3.32% was observed at 

15 mg/L. When different concentrations of nitrate 

were used, Bacillus sp. strain S2 showed a maximum 

removal of 97±1.56% at 45 mg/L of nitrate. Thus, 

high nitrate removal efficiency by Bacillus sp. strain 

S2 could be obtained by elevating the incubating 

temperature for 32ºC and maintaining the pH at 8.  

When Proteus sp. strain S3 was used, it 

showed a maximum nitrate removal rate of 

81.4±2.95% at 15 mg/L. The nitrate removal rate 

increased to 86.4±2.09% at 32ºC. When the pH was 

increased to 8, the nitrate removal efficiency of 

Proteus sp. strain S3 was recorded as 87.4±2.09%. 

However, highest nitrate removal by Proteus sp. 

strain S3 was recorded as 97.2±5.98% at 45 mg/L of 

nitrate. However, the two-way ANOVA suggested 

that there is no significant difference in nitrate 

degradation rates of all three bacteria strains at 

different nitrate concentrations, but there is an 

overall increase in nitrate degradation rates in all 

three strains. Thus, it is evident that the presence of 

high nitrate concentrations in the media may induce 

the nitrate degradation ability of all three bacterial 

strains as a result of high expressions of nitrate 

degrading genes. Mishra et al. (2015) recorded on 

nitrate removal by Proteus sp. strain S3 as 76.6% 

Therefore, Proteus sp. isolated in the present study is 

more efficient in nitrate removal than the strain 

isolated by Mishra et al. (2015). 

Biofilm technology for denitrification has 

been proved to be one of the most advanced, 

selective and low cost ways to remove nitrate and 

nitrite ion by dissimilatory reduction (Percheron et 

al., 1999). Therefore, the present study focused on 

developing a laboratory scale sand filter using 

Pseudomonas sp. strain S1, Bacillus sp. strain S2 

and Proteus sp. strain S3. The results of the study 

revealed that the sand filter showed 99.2±4.87% 

removal of nitrate. Sulfur-based autotrophic 

denitrification in static beds have proven successful 

for treating nitrate in groundwater, landfill leachate, 

and wastewaters (Koenig and Liu, 1996), and this 

approach presents a unique option for treatment of 

aquaculture effluents (Alves et al., 2002). Nitrogen 

removal rates from previous laboratory studies are 

generally on the order of 0.1-0.4 g/L/day (Lampe 

and Zhang, 1996; Sahinkaya and Kilic, 2014). 

However, the biofilter developed during the present 

study has revealed that the nitrate removal capacity 

is 0.046 g/L/day. Therefore, there is a need to 

modify the present setup in order to increase the 

nitrate removal efficiency of the bacterial consortia. 

 

REFERENCES   

Alves CF, Melo LF, Vieira MJ. Influence of medium 

composition on the characteristics of a denitrifying 

biofilm formed by Alcaligenes denitrificans in a 

fluidised bed reactor. Process Biochemistry 2002; 

37(8):837-45. 

Aopreeya M, Arunlertaree C, Yuwaree C, Boonprasert R, 

Hutacharoen R. Blood cockle shell: an agro-waste for 

N and P removal of shrimp farm effluent. 

Environment and Natural Resources Journal 

2013;11(1):58-69. 

Bonse U, Busch  F, Günnewig O, Beckmann F, Pahl R, 

Delling G, Hahn M, Graeff W. 3D computed X-ray 

tomography of human cancellous bone at 8 μm spatial 

and 10-4 energy resolution. Bone and Mineral 

1994;25(1):25-38. 

Burri R, Stutzer A. Ueber Nitrat zerstörende Bakterien 

und den durch dieselben bedingten Stickstoffverlust. 

Zentbl Bakteriol Parasitenkd 1895;Abt.II(1):257-65. 

Cabello P, Roldan MD, Moreno-Vivian C. Nitrate 

reduction and the nitrogen cycle in archaea. 

Microbiology 2004;150(11):3527-46. 

Cambra-López M, Aarnink AJ, Zhao Y, Calvet S, Torres 

AG. Airborne particulate matter from livestock 

production systems: a review of an air pollution 

problem. Environmental pollution 2010;158(1):1-17.  

Carlson CA, Ingraham JL. Comparison of denitrification 

by Pseudomnas stutzeri, Pseuodomonas aeruginosa 

and Paracoccus dentrificans. Applied and 

Environmental Microbiology 1983;45(4):1247-53. 

Choi JW, Wicker R, Lee SH, Choi KH, Ha CS, Chung I. 

Fabrication of 3D biocompatible/biodegradable  

micro-scaffolds using dynamic mask projection 

microstereolithography. Journal of Materials 

Processing Technology 2009;209(15-16):5494-03. 

Cowan ST, Steel KJ. Cowan and Steel's Manual for the 

Identification of Medical Bacteria. Cambridge 

University Press; 2004. 

DebRoy S, Mukherjee P, Roy S, Thakur AR, 

RayChaudhuri S. Draft genome sequence of nitrate- 

and phosphate-removing Bacillus sp., WBUNB009. 

Genome Announcements 2013;1(1):251-63. 

Della Valle CJ, Scher DM, Kim YH, Oxley CM, Desai P, 

Zuckerman JD, Di Cesare PE. The role of intraoperative 

http://cbs.iskysoft.com/go.php?pid=1281&m=db


Gunasekara ND et al. / Environment and Natural Resources Journal 2019; 17(2): 30-40                                     39 
 

Gram stain in revision total joint arthroplasty. Journal of 

Arthroplasty 1999;14(4):500-4. 

Eckford RE, Fedorak PM. Planktonic nitrate-reducing 

bacteria and sulfate-reducing bacteria in some western 

Canadian oil field waters. Journal of Industrial 

Microbiology and Biotechnology 2002;29(2):83-92. 

Ergas SJ, Reuss, AF. Hydrogenotrophic denitrification of 

drinking water using a hollow fibre membrane 

bioreactor. Journal of Water Supply: Research and 

Technology-Aqua 2001;50(3):161-71. 

Gao W, Jin R, Chen J, Guan X, Zeng H, Zhang F, Guan 

N. Titania-supported bimetallic catalysts for 

photocatalytic reduction of nitrate. Catalysis Today 

2004;90(3-4):331-6. 

Gómez MA, Hontoria E, González-López J. Effect of 

dissolved oxygen concentration on nitrate removal 

from groundwater using a denitrifying submerged 

filter. Journal of Hazardous Materials 2002:90(3):267-

78. 

Hettiarachchi IU, Sethunga S, Manage PM. 

Contamination Status of Algae Toxins Microcystins in 

Some Selected Water Bodies in Sri Lanka. 

Proceedings of the International Forestry and 

Environment Symposium; 2014 Jan 11; MAS 

Economic Zone, Sri Lanka; 2014. 

Idroos FS, Manage PM. Seasonal occurrence of 

MIcrocystin-LR with respect to physico- chemical 

aspects of Beira lake water. International Journal of 

Multidisciplinary Studies 2014;1(2):27-37. 

Idroos FS, De Silva BGDNK, Manage PM. 

Biodegradation of microcystin analogues by 

Stenotrophomonas maltophilia isolated from Beira 

Lake Sri Lanka. Journal of the National Science 

Foundation of Sri Lanka 2017;45(2):91-9. 

Janda JM, Abbott SL. Evolving concepts regarding the 

genus Aeromonas: an expanding panorama of species, 

disease presentations, and unanswered questions. 

Clinical Infectious Diseases 1998;27(2):332-44. 

Koenig A, Liu LH. Autotrophic denitrification of landfill 

leachate using elemental sulphur. Water Science and 

Technology 1996;34(5-6):469-76. 

Lampe DG, Zhang TC. Evaluation of Sulfur-based 

Autotrophic Denitrification [dissertation]. Lincoln: 

University of Nebraska; 1996. 

Lim YW, Lee SA, Kim SB, Yong HY, Yeon SH, Park 

YK, Jeong DW, Park JS. Diversity of denitrifying 

bacteria isolated from Daejeon sewage treatment plant. 

Journal of Microbiology 2005;43(5):383-90. 

Mahagamage MGY, Pathmalal M. Water Quality Index 

(CCME-WQI) Based Assessment Study of Water 

Quality in Kelani River Basin, Sri Lanka. Proceedings 

of the International Environment and Natural 

Resources Conference; 2014 Nov 6-7; The Sukosol 

Hotel, Bangkok: Thailand; 2014. 

Manage PM, Edwards C, Singh BK, Lawton LA. Isolation 

and identification of novel microcystin-degrading 

bacteria. Applied and Environmental Microbiology 

2009;75(21):6924-8. 

Mishra CN, Tiwari V, Satish-kumar VG, Kumar A, 

Sharma I. Genetic diversity and genotype by trait 

analysis for agromorphological and physiological 

traits of wheat (Triticum aestivum L.). Sabrao Journal 

of Breeding and Genetics 2015;47(1):40-8. 

Mohammadi AS, Movahedian H, Nikaeen M. Drinking 

water denitrification with autotrophic denitrifying 

bacteria in a fluidized bed bioreactor (FBBR). 

Fresenius Environmental Bulletin 2011;20(9A):2427-

36. 

Mohseni-Bandpi A, Elliott DJ, Zazouli MA.  Biological 

nitrate removal processes from drinking water supply: 

a review. Journal of Environmental Health Science 

and Engineering 2013;11(1):35. 

Mousavi SAR, Ibrahim, S, Aroua MK, Ghafari, S. Bio-

electrochemical denitrification: a review. International 

Journal of Chemistry and Environmental Engineering 

2011;2(2). 

Percheron G, Bernet N, Moletta R. Interactions between 

methanogenic and nitrate reducing bacteria during the 

anaerobic digestion of an industrial sulfate rich 

wastewater. FEMS Microbiology Ecology 1999; 

29(4):341-50. 

Rajkumar M, Nagendran R, Lee KJ, Lee WH, Kim SZ. 

Influence of plant growth promoting bacteria and Cr6+ 

on the growth of Indian mustard. Chemosphere 

2006;62(5):741-8. 

Rezaei F, Xing D, Wagner R, Regan JM, Richard TL, 

Logan BE. Simultaneous cellulose degradation and 

electricity production by Enterobacter cloacae in a 

microbial fuel cell. Applied and Environmental 

Microbiology 2009;75(11):3673-8. 

Sahinkaya E, Kilic A, Duygulu B. Pilot and full scale 

applications of sulfur-based autotrophic denitrification 

process for nitrate removal from activated sludge 

process effluent. Water Research 2014;60:210-7. 

Shrimali M, Singh KP. New methods of nitrate removal 

from water. Environmental Pollution 2001;112(3): 

351-9. 

Sri Lanka Standards Institute (SLSI). Drinking Water 

Guidelines. SLS 614: 2013. 

Su HL, Chou CC, Hung DJ, Lin SH, Pao IC, Lin JH, 

Huang FL, Dong RX, Lin JJ. The disruption of 

bacterial membrane integrity through ROS generation 

induced by nanohybrids of silver and clay. 

Biomaterials 2009;30(30):5979-87. 

Wakida FT, Lerner DN. Potential nitrate leaching to 

groundwater from house building. Hydrological 

Processes 2006;20(9):2077-81. 

Wang  Q,  Feng  C,  Zhao  Y,   Hao  C.  Denitrification  of  

http://cbs.iskysoft.com/go.php?pid=1281&m=db


40                                  Gunasekara ND et al. / Environment and Natural Resources Journal 2019; 17(2): 30-40 

 

 nitrate contaminated groundwater with a fiber-based 

biofilm reactor. Bioresource Technology 2009;100(7): 

2223-7. 

Wenske H, Matschiner H, Siegel H. Electrolytic cell and 

capillary gap electrode for gas-developing or gas-

consuming electrolytic reactions and electrolysis 

process therefor. Maschinen- und Anlagenbau Grimma 

GmbH MAG. 1997. 

Wick K, Heumesser C, Schmid E. Groundwater nitrate 

contamination:   factors   and   indicators.   Journal   of  

Environmental Management 2012;111:178-86. 

Yang WS, Park BW, Jung EH, Jeon NJ, Kim YC, Lee 

DU, Shin SS, Seo J, Kim EK, Noh JH, Seok SI. Iodide 

management in formamidinium-lead-halide–based 

perovskite layers for efficient solar cells. Science 

2017;356(6345):1376-9. 

Zumft WG. Cell biology and molecular basis of 

denitrification. Microbiology and Molecular Biology 

Reviews 1997;61(4):533-616. 

 

http://cbs.iskysoft.com/go.php?pid=1281&m=db

